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(57) A battery charging system is provided, compris- 
ing a rechargeable battery including at least one re- 
chargeable battery cell, a pair of battery terminals and 
Infomriation means for containing infonnation about the 
battery in the form of an information code, a charging 
apparatus for charging the rechargeable battery, the 
charging apparatus including a pair of charger termi- 
nals, means for releasably interconnecting the battery 
and the charging apparatus so that the battery terminals 



are ih electrical conductive contact with the charger ter- 
minals, and infomriation receiving means for electroni- 
cally reading or sensing the information code of the in- 
formation means of the battery, said charging apparatus 
further comprising control means for controlling the 
charging process based on the information code re- 
ceived by the information receiving means of the charg- 
er. The invention further relates to a battery for use in 
said rechargeable battery system. 
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Description 

[0001] When charging a rechargeable battery, such 
as for example an NICd battery, an electrical voltage 
greaterthan theterminal voltage of the battery is applied 
to the terminals of the battery, whereby a current will flow 
through the battery. This current initiates a chemical 
process by which energy is stored in the battery. 
[0002] When the battery has reached a full charge 
condition, the chemical process stops, and the added 
energy will Instead be converted into heat. Since the bat- 
tery is constmcted as a sealed container, the pressure 
in the battery increases, which causes chemical de- 
struction. This means that the capacity of the battery is 
reduced, and the capacity may eventually have been re- 
duced significantly after several such chargings. For the 
battery to be utilized In the best possible manner it is 
therefore inriportant to ensure not only that the battery 
will be charged fully, but also that charging is interrupted 
before the generation of heat becomes too great. Thus, 
it would be desirable to control the charging process so 
as to obtain an almost optimum charging and/or to in- 
terrupt charging at a proper time. Such accurate control 
of the charging process is especially important when it 
is desired to charge the battery as quicl<ly as possible. 
[0003] In -a typical charging process the voltage 
across the battery increases evenly as the battery is 
charged. As the battery approaches its. full state of 
charge, the voltage increases more steeply to a peak 
marking the full state of charge. The voltage then drops 
again owing to the increase in temperature because the 
temperature coefficient of the voltage is negative. Cor- 
respondingly, the charging current typically falls to a 
minimum at full charge and then increases. 
[0004] A method has been devised of charging a re- 
chargeable battery having a pair of terminals said meth- 
od comprising connecting an electrical power source to 
the temninals of the battery, surveying the value and/or 
"course of a least one characteristic parameter of the 
charging process during at least part of the process of 
charging the battery, comparing the value and/or course 
of said at leastone charging parameter with con-espond- 
ing values and/or courses of stored reference parame- 
ters representing idealistic or desirable charging proc- 
esses for different types of battery and/or different bat- 
tery conditions, selecting based on said comparison one 
of said stored sets of reference parameters, and con- 
trolling at least part of the process of charging the battery 
on the basis of one or nriore reference parameters of the 
selected set. 

[0005] A first characteristic parameter may be contro I- 
led during at least part of the process of charging so as 
to obtain a predetermined desired course of a second 
of said characteristic parameters, and said first .parEun- 
eter may be the charging current while said second pa- 
rameter may be the charging voltage. 
[0006] When a battery is to be charged for the first 
time, or when the battery has been stored for a long time 



without charging, such battery (hereinafter called a "vir- 
gin battery") cannot immediately accept the normal full 
charging current. Therefore, the process of charging 
such virgin battery cannot be controlled in the same 

5 manner as another battery of the same type and with 
the same state of charge, but not being a virgin battery. 
Consequently, it would be advantageous to test the bat- 
tery to be charged prior to actual charging in order to 
find out whether the battery is a virgin battery, which 

10 needs an individual "nursing" programme whbh may, for 
example, involve a relatively low charging current for a 
shorter or longer period of time. Also batteries not being 
virgins may show some kind of anomaly. 
[0007] Therefore, a method has been devised of 

15 charging a rechargeable battery having a pair of termi- 
nals, said method comprising connecting the terminals 
of the battery to an electrical power source, initially test 
charging the battery by supplying a first test charging 
current to the terminals of the battery for a short first 

20 period of time, surveying or measuring at least one test 
parameter at least during part of the test charging proc- 
ess or at the end thereof, subsequently test discharging 
the battery for a short, second period of time, surveying 
or measuring at least one test discharging parameter 

^5 during at least part of the test discharging pro-cess or 
at the end thereof, selecting or detemnining a course or 
values of at least one charging parameter based on said 
surveys or measurements of the test charging and/or 
discharging processes, and subsequently at least partly 

30 charging the battery substantially in accordance with the 
course or values selected for said at least one charging 
parameter 

[0008] The test charging of the battery may take place 
in any suitable manner. As an example, a predetermined 

35 fixed test charging voltage may be applied to the temni- 
nals of the battery for a predetermined period of time. 
Alternatively, the test charging voltage may be in- 
creased gradually or step-wise in a predetermined man- 
ner. In both cases the charging current, the temperature 

40 of the battery and/or the inner pressure of the battery 
may be surveyed or measured currently or at one or 
more selected points of the charging and/or discharging 
process. 

[0009] Another possibility would be to control the test 
45 charging voltage so as to maintain the charging current 
at a predetemnlned level or so as to gradually or step- 
wise increase the test charging current in a predeter- 
mined manner. In the latter case the charging voltage, 
the temperature of the battery and/or the inner pressure 
50 of the battery may be surveyed or measured. 

[0010] It may be advantageous to repeat the test 
charging and discharging processes one or more times. 
If so, the course of the controlled test parameter {charg- 
ing voltage or charging current) may be chosen differ- 
55 ently for successive test charging processes. 

[0011] Preferably, a relatively low test charging cur- 
rent is supplied to the battery, for example in the order 
of 0.2 C/h (CmA x h being the capacity of the battery) 
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SO as to prevent the temperature and/or the inner pres- 
sure of the battery to attain values which could have a 
detrimental effect on the battery. 
[0012] Each test charging period is preferably rela- 
tively short compared to the time period for the subse- 
quent actual charging. As an example, each test charg- 
ing may take a few seconds, such as 1 or 2 seconds. 
[001 3] The nursing programme selected on the basis 
of the testing described above may comprise the total 
charging process of the battery and even a subsequent 
discharging process and a new charging process. In 
case the nursing programme selected is temninated be- 
fore the battery is fully charged the battery may be fur- 
ther charged, said further charging comprising survey- 
ing the value and/or course of a least one characteristic 
parameter of the charging process during at least part 
of the process of charging the battery, comparing the 
value and/pr course of said at least one charging pa- 
rameter with corresponding values and/or courses of 
stored reference parameters representing idealistic or 
desirable charging processes for different types of bat- 
tery and/or different battery conditions, selecting based 
on said comparison one of said stored sets of reference 
parameters, and controlling at least part of the process 
of charging the battery on the basis of one or more ref- 
erence parameters of the selected set. 
[001 41 A smaller or greater number of empirically de- 
temnined reference parameters may be stored (such as 
drafts where values of the reference parameter is plot- 
ted versus the period of time lapsed since starting of the 
charging process), for example by electronic storing 
means, such as a memory. When it is desired to rapidly 
charge the rechargeable battery without substantially 
deteriorating the same the idealistic or desirable proc- 
ess- of charging mainly depends on the state of charge 
of the battery prior to starting the charging process. 
Therefore, the reference parameter courses stored rep- 
resent idealistic or desirable processes of charging for 
different starting states of charge of the battery. If the 
state of charge of the battery to be recharged Is known 
or may be determined, the reference course with the 
starting state of charge closest to the actual state of 
charge of the battery to be recharged may be selected, 
and the process of charging the battery may be control- 
led so as to approximate the course of said at least one 
parameter to the selected reference course, whereby It 
may be secured that the battery is not at any time ex- 
posed to unduly high voltage or charging current or to 
undue heating. 

[0015] In principle, the state of charge of the battery 
to be recharged may be determined by a special meas- 
uring step, and the corresponding reference parameter 
course adapted to the same or a similar starting state of 
charge may then be selected, for example by providing 
the relevant information to an electronic control unit by 
suitable keys. The relevant reference course may be se- 
lected automatically by an electronic control circuit. 
[0016] The charging parameter may, for example. 



comprise the potential across the battery terminals, the 
electric charging current supplied to the battery, the tem- 
perature of the battery cell, the rate of change of any 
such parameter, and any combination of such parame- 
5 ters and/or rate of change. 

[0017] It should be understood that the charging proc- 
ess may be controlled in any suitable manner by which 
the course of the charging parameter may be approxi- 
mated to the selected reference parameter course. The 
10 process of charging may be controlled by controlling the 
voltage supplied to the terminals of the battery. The volt- 
age is preferably controlled so that the charging current 
supplied to the battery is relatively low at the beginning 
of the charging process, while the charging current is 

IS preferably maintained at substantially the same maxi- 
mum value during a subsequent major part of the charg- 
ing process, so as to accelerate the same. 
[0018] As mentioned previously, the selection of ref- 
erence parameters may depend on the state of charge 

20 of the battery. Such state of charge may be determined 
by briefly supplying a voltage to the battery prior to the 
initiation of the charging process so as to measure one 
or more charging parameters. In case the battery is fully 
charged the charging process will not be initiated. If the 

25 battery is partly charged, such infonnation may be used 
in selecting proper reference parameters for the charg- 
ing process. 

[0019] The controlling of the charging process may 
comprise determining of a remaining period of charging 

30 time when the value of at least one characteristic pa- 
rameter fulfils a certain predetermined condition or pre- 
detemnlned conditions, and the charging process is then 
terminated when such remaining period of time has ex- 
pired. In an embodiment of the method according to the 

35 Invention the remaining period of charging time is deter- 
mined when the characteristic parameter, such as 
charging voltage, charging current, battery temperature, 
or inner battery pressure, has obtained a predetermined 
value. 

40 [0020] Towards the end of the charging process the 
internal resistance of the battery cell may increase so 
that the charging voltage tends to increase when the 
charging current is to be maintained at a relatively high 
predetermined value. A too high voltage may course a 

^5 detrimental temperature increase within the battery 
cells. Therefore, the voltage supplied to the temiinals of 
the battery is preferably limited to a predetermined max- 
imum, the charging process being terminated at the ex- 
piration of a predetermined remaining period of time 

^ starting when the voltage has reached said maximum. 
This means that the charging voltage is preferably kept 
at its maximum value during said predetermined re- 
maining period of time, and as the inner resistance of 
* the battery cells is increasing the charging current will 

55 nomnally decrease gradually during this period of time, 
which is preferably selected so that the battery is sub- 
stantially fully charged when the said period of time has 
expired. Preferably, the predetemiined remaining peri- 
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od of time is related to the reference course selected, 
which means that each reference parameter course in- 
cludes information about not only the maximum charg- 
ing voltage to be supplied to the battery, but also about 
the period of time in which such maximum voltage 
should be maintained at the end of the charging period. 
[0021 1 As mentioned above, the reference parameter 
courses to be compared with the actual parameter 
course may be curves or graphs, and the comparison 
process may be performed by a design recognition tech- 
nique by means of design recognition circuitry. The 
charging parameter may currently be measured.at short 
time intervals during charging, the measured parameter 
values being compared with corresponding reference 
values of the reference parameter courses, and the rel- 
evant reference parameter course being selected on the 
basis of comparison of such measured values and ref- 
erence values. The comparison process may be per- 
fonmed currently during the charging process so that the 
control circuit or control unit may shift from one refer- 
ence parameter course to another when the continued 
comparison process reveals that the reference param- 
eter course chosen first is not the one which is closest 
to the actual charging process. 

[0022] In comparing the charging parameter values 
with the reference values It may be advantageous to 
compare the rate of change of the parameter values as 
a function of the charging time lapsed with similar refer- 
ence values. As an example, the rate of change of the 
charging voltage as a function of the charging time 
lapsed may be compared with corresponding reference 
values. In order to permit the detection of the internal 
resistance or the potential of the battery the charging 
current may be cut off for a short period of time imme- 
diately prior to each measurement of the potential dif- 
ference of the battery terminals. 
[0023] The parameter values may be measured and 
the rate of change of the parameter values may be de- 
tenmined at uniform first time intervals, each determina- 
tion of the rate of change being based on parameter val- 
ues measured at second time intervals, the second time 
interval being a multiple of the first time interval. The 
parameter values may be measured rather frequeritly, 
which means that the said first time interval may be rel- 
atively short, for example about 1 0 seconds. The rate of 
change is, however, preferably based on measure- 
ments with a time spacing being several times greater, 
for example 90 seconds. 

[0024] The determination off the rate of change may 
be initiated at the beginning of the the charging process. 
However, the determination of the rate of change may 
advantageously be postponed until a measured value 
of the characteristic parameters exceed a predeter- 
^ mined value, when it is obvious thatlhe best distinguish- 
able rates of change are found after such predetermined 
value of the parameter 

[0025] In a particular enribodiment there is just a lim- 
-ited number of reference values, and a new stop point 



of time for the charging process is determined only when 
the parameter or parameters concerned assume one of 
the reference values. This results in a simpler procedure 
which can nevertheless nonmally detemiine the opti- 

5 mum stop point of time sufficiently accurately- 

[0026] As mentioned above, when the parameter be- 
ing measured is the voltage across the connection ter- 
minals of the battery, a more exact measurement Is ob- 
tained if the charging current to the battery is cut-off for 

10 a short period before the voltage is measured. The rea- 
son is that the battery has an internal series resistance, 
and the charging current provides a voltage drop across 
this resistance which should not be included in the volt- 
age measurement. 

15 [0027] In particular in case of fast charge mode using 
a high charging cun-ent it may be advantageous to re- 
duce the charging current gradually as the stop point of 
time approaches, because it will then be easier to find 
the optimum stop point of time. Thus, charging may, for 

20 example, be performed with-a constant high charging 
cun-ent (for example about 4C milliamperes, when the 
capacity of the battery is C milliamperes x hour) until 
one of the measured parameters has reached a deter- 
mined level, following which the current can be reduced 

25 gradually. 

[0028] An expedient manner of obtaining the desired 
charging current is to use a constant voltage source 
which is pulse width modulated in a manner providing 
the desired charging current. 

30 [0029] It may be an advantage that the procedure of 
determining the possible stop point of tinrie for the charg- 
ing process is not initiated until the charging process ap- 
proaches its tennination. Thus, a simpler method may 
be used ; such as simple measurement of current or volt- 

35 age, for deciding when the more accurate procedure is 
to be initiated. 

[0030] I n a particular embodiment the accuracy of the 
measurements is improved in that each of the measured 
values of the characteristic parameters for each of the 

40 mentioned points of time is an average value of a plu- 
rality of intermediate measurements. The measure- 
ments will then be less sensitive to transients, for exam- 
ple. Of course, the same effect can be obtained by inte- 
grating the parameter in question over the period which 

45 has elapsed since the last measurement. 

[0031] As an additional safeguard some of .the stop 
criteria used in prior art methods may be adopted. Thus, 
for example, a maximum charge period may be fixed. 
Charging will then be interrupted at this point of time at 

50 the latest even though the other stop criteria have not 
yet occurred. It Is also possible to fix limits for one or 
more of the measured parameters so that charging is 
terminated if one of the parameters exceeds or drops 
below 8|5&cific values. Furthermore, the/char^ing proc- 

55 ess may be interrupted if and when said at least one 
value or course surveyed deviates too much from any 
of the corresponding courses or values of the stored ref- 
erence parameters. 
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[0032] After the termination of charging it may be ex- 
pedient to maintain the charge state of the battery by 
means of a pulsating current. This ensures that the bat- 
tery is constantly fully charged even if it is not removed 
from the charger till long after the termination of the 
charging. 

[0033] The reference parameter courses stored may 
comprise not only courses representing charging proc- 
esses which are idealistic or desirable for one and the 
same type of battery, but even a plurality of reference 
parameter courses for each of two or more different 
types of battery. In such case the first process step may 
be to detemnlne the type of the battery to be charged 
and to select the reference parameter courses related 
to that type of battery. Thereafter, the process may pro- 
ceed as described above. 

[0034] An apparatus has been devised comprising 
connecting means for connecting the battery to an elec- 
trical power source, means for surveying the value and/ 
or course of at least one characteristic parameter of the 
charging process during at least part of the process of 
charging the battery, storing means for storing a plurality 
of the values and/or courses of reference pareimeters 
representing idealistic or desirable charging processes 
for different types of battery and/or different battery con- 
ditions, means for comparing the value and/or course of 
said at least one charging parameter with the values 
and/or courses of the stored reference parameters and 
for selecting based on said comparison one of said 
stored sets of reference parameters, and means for con- 
trolling at least part of the process of charging the battery 
on the basis of one of more reference parameters of the 
selected set. 

[0035] The operation of such an apparatus may, for 
example, be controlled by a microprocessor or another 
electronic control device, which may also comprise a 
memory for storing the reference parameter courses or 
values. 

[0036] The present invention provides a battery sys- 
tem comprising a rechargeable battery including a pair 
of battery terminals and information means for contain- 
ing information about the battery, and a charging appa- 
ratus including a pair of charger terminals, means for 
releasably interconnecting the battery and the charging 
apparatus so that the battery terminals are in electrical 
conductive contact with the charger terminals, and In- 
formation receiving means for receiving information 
from the information means of the battery, whereby the 
charging of the battery may be controlled based on said 
information. The battery system may comprise control 
means for controlling the charging process based on in- 
formation received by the information receiving means. 
[0037] The infomriation means of the battery may be 
more or less-sophisticated. In the most simple fomn the 
infomriation means may, for example, comprise an indi- 
cator which Is removed. Inactivated and/or destroyed 
when the battery is charged forthe first time. The pres- 
ence of such an indicator would inforni the control 



means that the battery should be charged in accordance 
with a "nursing programme" suitable for a virgin battery 
of the battery type in question. Alternatively or addition- 
ally, the information means may comprise an infomia- 
5 tion code which may be read or sensed by the infomria- 
tion receiving means of the charger. Such information 
code may be read or sensed by mechanical, optical, 
electromagnetic and/or electronic reading or sensing 
means, and the code may, for example, contain infor- 
w mation about the type, capacity, maximum charging 
voltage, maximum charging current, maximum temper- 
ature, maximum inner pressure and/or other character- 
istics of the battery. Furthemriore, the infomriation means 
may, alternatively or additionally, comprise a tempera- 
te ture sensor for sensing the temperature of the battery. 
[0038] In a preferred embodiment of the battery sys- 
tem the charging current and/or charging voltage may 
initially be increased when the temperature sensed by 
the temperature sensor is low. 
20 [0039] The invention also relates to a rechargeable 
battery for use in a battery system as described above, 
said battery comprising a pair of battery terminals and 
information means for containing battery information in 
a form which may be sensed or read by suitable infor- 
25 mation receiving means of a corresponding battery 
charging apparatus. 

[0040] As described above, the Information means 
may be rather simple. Alternatively, the information 
means may comprise an electronic memory for storing 
battery information. This battery Information may then 
comprise information about one ornriore previous charg- 
ing and discharging processes and/or about the present 
state and condition of the battery and its individual cells. 
Thus, the information means of the battery may inform 
the control means In detail about the condition of the 
battery, and the control means may then control the 
charging process on the basis of such infomriation. Such 
charging may be controlled in accordance with any of 
the methods described above or by means of conven- 
tional charging methods. The battery infomriation may 
for example comprise Infonmation about the type of the 
battery, the capacity of the battery, other specifications 
of the battery, charging status of the battery, the condi- 
tion of the various battery cells, the last charging proc- 
ess, the last discharging pro-cess, the time period 
lapsed since the last charging and/or discharging proc- 
ess, charging parameter algorithms, and/or the internal 
battery pressure. 

[0041] In order to survey the internal pressure and/or 
temperature of the battery the information means may 
comprise a pressure and/or temperature sensor located 
within the battery. These sensors are connected or con- 
nectablo to the control means so that infomriation about 
pressure and/or temperature may be transmitted to the 
control means. 

[0042] The control means are preferably adapted to 
control charging of individual cells of the battery in re- 
sponse to information received from the Infonmation 
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means, whereby it may be ensured that the cells of the 
battery are substantially uniformly charged. 
[0043] It should be understood that the battery could 
also comprise an electronic display for displaying infor- 
mation from the memory in a directly readable form. It 
Is also envisaged that the battery could also contain the 
control means. This means that the charging apparatus 
is eliminated or included in the battery unit. In such case 
the battery should just be connected to a suitable elec- 
trical power supply. 

[0044] Usually, the battery comprises several battery 
cells and In order for the information means to obtain 
information about the individual cells/ such as voltage 
and/or temperature of each cell, the battery may further 
comprise means for measuring the voltage of each bat- 
.tery cell and means for storing the measured cell values 
in the information means. 

,[0045] In Qonnection with the method of charging de- 
Jscribed above it is presupposed that courses or sets of 
.reference parameters for the type of battery in question 
are known and available. A method has been devised 
for providing such courses or sets of reference paranv 
..eters. Thus, a method has been devised of detennining 
^ a process of charging a rechargeable battery having a 
, capacity C, said method comprising detenminlng a max- 
. imum value for at least one charging parameter and con- 
trolling the charging process so as to not exceed the 
maximum value or values determined. 
[0046] It is nomially desirableto fully charge a battery 
within the shortest possible charging period of time. 
However, the cheniical reactions taking place within the 
cells of the battery limit the rate of charging. When the 
' charging current is relatively low the charging cun^ent 
may be increased by increasing the chargirig voltage 
without any increase of the battery temperature, and the 
temperature of the battery may even drop slightly when 
the charging cunent is increased. However, when the 
charging cun-ent has reached Its maximum value deter- 
mined by the chemical reactions a further increase of 
the charging voltage may cause a drastic increase of 
the battery temperature and also of the intemal pressure 
of the battery which is detrimental to the battery. A max- 
imum value for the battery and/or cells thereof may be 
determined for the temperature, the difference in tem- 
perature, the Inner pressure, the charging voltage, and/ 
or the terminal voltage. The charging process should 
then be controlled so that the maximum value or the 
maximum values is/are not exceeded during the charg- 
ing process. 

[0047] As an example, the maximum value and/or dif- 
ference of the battery/cell temperature and/or the Inner 
battery/cell pressure may be detemiined as the temper- 
ature and/or difference in temperature and/or pressure 
obtained when a relatively low charging cunrent is sup- 
plied to the battery for a certain period of time, for ex- 
ample in the order of one hour or even up to 10 or .15 
hours. The charging voltage may then be controlled so 
that the charging cun-ent is kept substantially constant 



at least during the later part of the charging process . The 
charging current supplied to the battery may, for exam- 
pie, be 0.05-0.3 C/h, 0.1 -0.3 C/h, preferably 0.2-0.25 CI 
h (C/h being the so-called C-rate). This means that when 
5 the capacity of the battery being charged is for example 
C mA»h, the charging current may be 0.05-0.3 C mA, 
0.1 C mA and preferably 0.2-0.25 C mA. Such charging 
current Is relatively low and requires a charging time of 
3.3-1 0 hours to fully charge the battery. 
10 [0048] In order to obtain a shorter charging time it Is 
necessary to use a higher charging current in the major 
part of the charging period. The maximum value of the 
charging and/or temninal voltage is detemnined as the 
maximum voltage obtained when a relatively high 
75 charging cun-ent is supplied to the battery for a certain 
period of time. Such relatively high charging current 
may, for example, be 0.75-1.5 C/h. preferably about 1 
C/h. When such a charging cun-ent ^is used the neces- 
sary charging time for fully charging the battery-is 
20 0.67-1 .34 hours. 

[0049] The charging cunent may be supplied to the 
battery In a period of time sufficient to partly charge the 
battery. It is preferred, however, to continue supplying 
charging current to the battery till the battery is substan- 
25 tially fully charged. 

[0050] When detemnining one or more of the above 
mentioned maximum parameters it is prefenred that the 
battery is at least partly charged at a slow rate and sub- 
sequently discharged at least once prior to any further 
30 charging. It is further preferred ttiat the relatively low 
charging cun-ent is supplied to the batteryfor such along 
period of time that a rise in at least one of said charging 
parameters, such as battery or cell temperature, has 
been obtained and no further essential parameter 
35 change has been detected. 

[0051 ] The real value of the capacity of the battery will 
often vary from the capacity stated by the battery man- 
ufacturer. Thus, it is an object of the present invention 
to provide a method for detennnining the real value of the 
40 capacity of the battery. This method connprises charging 
the battery at said relatively slow rate and detennining 
the capacity value of the battery by calculating or meas- 
uring a total first charging power supplied to ttie battery 
during charging until the battery is substantially fully 
45 charged. The point of time when the battery is substan- 
tially fully charged may be detemnined as the point of 
time when no further rise in parameter value{s) has 
(have) been detected for a predetemnined period of 
time. Said parameter values may for example be the 
so temperature and/or the tenninal voltage of the battery 
and/or cells thereof. 

[0052] When detemnining the maximum value of the 
charging or tenninal voltage it is prefen-ed to charge the 
battery with a charging cun^nt. whteh is substantially 
55 equal to the C-rate based on the determined real value 
of ttie capacity of the battery. Furthennore, it is pref en-ed 
to determine the maximum value of the voltage as the 
voltage measured across the battery or cell terminals at 
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the point of time when the battery or cell temperature 
has increased by said maximum temperature difference 
detemnlned during charging with said relatively low 
charging current. It is also preferred that the battery Is 
substantially discharged before initiating any charging 5 
process for determining charging parameters. 
[0053] If the battery is a virgin battery, which means 
that the battery is being charged for the first time or a 
rather long period of time has passed since last charg- 
ing, it is important to ensure that the battery "gets start- 
ed" which means that the chemical reaction within the 
cells is normal. This may be obtained by a nursing pro- 
gram as previously explained. Thus, the battery may be 
at least partly charged rather slowly and subsequently 
discharged at least once prior to determining the maxi- '5 
mum value of said at least one maximum parameter. 
[0054] A set of maximum values obtained in the man- 
ner described above may form a reference for use in a 
method of charging as previously described. Further ref- 
erence valines or parameters may be obtained by con- 20 
trolling other charging parameters so as to not exceed 
the maximum charging parameters detemriined. 
[0055] A set of maximum values and/or parameters 
which may be obtained as described above may be 
used in a controlled method of charging. The battery is ^5 
then charged with a substantially constant charging cur- 
rent during part of the charging process, said substan- 
tially constant charging current preferably being several 
times the C-rate based on the capacity value deter- 
mined or measured. As an example, the value or param- 30 
eter may be the voltage. In that case the voltage(s) of 
the battery or cell terminal(s) is (are) surveyed, and 
when a predetermined maximum terminal voltage of the 
battery or cell has been reached at a time Tmax, the 
charging process is controlled so as to maintain the bat- 
tery or cell voltage substantially constant for the remain- 
ing period of the charging process. If the battery has at 
least two cells, the parameter or voltage of each cell of 
the battery may be surveyed, and the remaining period 
of the charging process may be controlled based on the ^ 
voltage of the cell having a voltage first reaching the 
maximum cell terminal voltage. It should be understood 
that the charging process could be controlled based on 
any other charging parameter, such as the temperature 
of the banery or of the Individual cells thereof. 45 
[0056] It Is also preferred that the stop point of time of 
the remaining charging period of the charging process 
Is determined by surveying the charging current, and 
when no further decrease in the charging current has 
been detected for a predetenmined period of time the so 
charging process may be terminated. Alternatively, the 
charging process is stopped at a time Tstop, the remain- 
ing charging period Tstop minus Tmax being determined 
generally at the lime Tmax when the predetermined 
maximum battery or cell terminal voltage is reached. 55 
The remaining charging penod of time Tstop minus 
Tmax may be determined on the basis of a comparison 
of the battery or cell terminal voltage course with stored 



reference voltage courses, or the remaining charging 
period of time may be determined in dependency of the 
value of Tmax. 

[0057] The stop point of time Tstop and thus the re- 
maining charging period of time may be determined 
based on a comparison of the time Tmax at which the 
maximum voltage is reached with stored reference val- 
ues of time and corresponding remaining charging pe- 
riods of time. 

[0058] In connection with discharging when the bat- 
tery is used In operation, a method has been devised 
for controlling a discharging process of a rechargeable 
battery having at least two cells, said method comprising 
surveying the voltage of each cell of the battery, and In- 
terrupting the discharging process when the voltage of- 
at least one cell drops to a predetemriined threshold volt- 
age. 

[0059] The Invention will now be further described 
with reference to the drawing. In which 

Fig. 1 is a graphical representation or curve show- 
ing the voltage as a function of tirrie for an NiCd bat- 
tery which is charged with a constant chaining cur- 
rent, 

Fig. 2 shows in an enlarged scale part of the curve 
of Fig. 1, 

Fig. 3 is a graphical representation of the course of 
various charging parameters in a controlled proc- 
ess of charging a NiCd battery, 
Fig. 4 is a graphical representation showing the bat- 
tery voltage of a NiCd battery as a function of charg- 
ing time for six different starting states of charge. 
Fig. 5 Is a block diagram of an apparatus for battery 
charging, 

Fig. 6 shows a circuit diagram of an embodiment of 
the apparatus shown In Fig. 5, and 
Fig. 7 is a graphical representation corresponding 
to that shown In Fig. 3 for a battery with some anom- 
aly, 

Figs. 8 and 9 diagrammatically Illustrate charging 
curves at the beginning of a process of charging a 
virgin battery and a fully charged battery, respec- 
tively, 

Figs. 10 and 11 diagrammatically illustrate dis- 
charging curves for a virgin battery and a fully 
charged battery, respectively. 
Fig. 12 shows the charging voltage curve and the 
temperature curves for a battery which is charged 
with a constant low charging current, 
Figs. 13, 14 and 15 show the charging voltage 
curves and the temperature curves for the same 
battery as in Fig. 12 when charged with substantial- 
ly constant charging currents of different values, re- 
spectivety, 

Fig. 16 shows the charging voltage curve and the 
temperature cun/e for a battery which is test 
charged with a constant low charging current in the 
range of 0.1 C/h. 
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Fig. 17 shows the charging voltage curve and the 
temperature curve for a battery which is test 
charged with a constant charging current in the 
range of 1 C/h, 

Figs. 18, 19 and 20 show the charging voltage 
curves, the temperature cun/es and the charging 
voltage curves for a NiCd battery which is charged 
- with charging currents of different values, 
Fig. 21 shows the charging voltage curve, the tem- 
perature curve and the charging current curve for a 
Nickel Metal Hydride battery which is Initially 
charged with a high charging current. 
Fig. 22 is a block diagram of a battery, 
Fig. 23 shows the discharging voltage curves for 
each cell in a NiCd battery having 6 cells and being 
discharged with a constant current, 
Fig. 24 Illustrates a controlled discharging process 
for a NiCd battery having 6 cells, 
Fig. 25 §hows the charging voltage curves and the 
temperature curves of each cell of a NiCd battery 
having 6 cells and being charged with a constant 
charging current, and 

Figs, 26. 27 and 28 are block diagrams showing dif- 
ferent embodiments of a battery systems according 
to the invention. 



[0060] Fig. 1 shows a typical charging sequence for 
an NiCd battery. The curve shows the battery voltage 
as a function of time with a constant charging current. 
The overall curve shape will be the same for all NiCd 
batteries but the specific voltage and time values may 
vary, for example with the actual charging current and 
from* battery to battery. The curve may be divided into 
regions representing various stages in the charging 
process. Fig. 1 indicates four regions whfch are marked 
A, B, C, and D, respectively. 

[00611 The region marked A constitutes the start of 
the charging process. When the charging process is in- 
itiated, the voltage may vary somewhat depending upon 
the state of charge of the battery prior to the initiation of 
charging. Thus the voltage in this region is rather indef- 
inite, and therefore no measurements proper are usually 
perfomned in this region. 

[0062] The letter B indicates the actual charging peri- 
od where the charging cun-ent Is converted into stored 
energy In the battery by a chemical process. In this pe- 
riod the voltage of the battery increases only slowly. In 
the region C the full state of charge is approaching, and 
the voltage begins to increase more rapidly. At the end 
of the period C oxygen begins to develop in the cells of 
the battery which results in an Increase in pressure and 
in temperature in the battery. This means that the volt- 
age now increases more slowly because of rts negative 
temperature coefficieht. The battery voltage dbes not in- 
crease additionally at the transition between the regions 
C and D, and the voltage has thus reached its highest 
value or peak value. 

[00631 -If the charging process Is continued In the re- 



gion D. the battery voltage will drop because the elec- 
trical energy \s now generally converted into heat. The 
resulting increase in temperature and pressure will 
cause destruction of the battery whose capacity is thus 
5 reduced. Therefore, the charging process should ad- 
vantageously be cut-off at the commencement of or in 
the beginning of the period D. 

[0064] The invention Is based on the fact that it has 
been found by tests that even though the curve may vary 

10 somewhat in response to the charging current used and 
the "charging history" of the battery in question there is 
close con-elation between various charging parameter 
values within the regions A. B and C. such as the slope 
of the voltage curve at a certain time or moment in the 

IS region C and the time difference from the moment in 
question to the optimum stop point of time for the charg- 
ing process. 

[00651 If the infonnation aboutthe correlation is stored 
in an electronic circuit it is relatively simple to calculate 
20 or determine how long charging of the battery should be 
continued and thereby the optimum stop point of time 
for the charging process, after having measured the 
slope of the curve at a given moment. If this calculation 
is perfonned at several consecutive moments, a con^e- 
25 spending number of proposals for the optimum stop 
point of time will be obtained. Fig. 2 shows an example 
where three measurements are perfonned. A remaining 
charging period of delta T1 is calculated at the point of 
time T1 . a remaining charging period delta T2 is calcu- 
30 lated at the point of time T2 arid a remaining charging 
period delta T3 is calculated at the point of time T3. In 
the figure, the three calculated stop points of time occur 
at precisely the same moment. However, in practice the 
calculated stop points of time will usually be slightly dif- 
35 ferent with a consequent number of proposals for stop 
points of time. In the embodiment of the invention de- 
scribed here, it is decided to cut-off the charging process 
when the first one of the calculated stop points ;of .tinrve 
occurs. Since a microprocessor is incorporated in the 
40 apparatus described below, more sophisticated stop cri- 
teria are also conceh/able. Thus, it will be possible, for 
example, to attach more importance to the stop points 
of time last cateulated. It is possible, for example, to dis- 
regard some of the values calculated first if all the sub- 
45 sequent calculations gather around a specific value. 
[00661 As mentioned, Figs. 1 and 2 show the voltage 
across the battery as a function of time when a constant 
charging cun-ent is used. A corresponding typical curve 
will result if the charging current is plotted as a function 
so of time with a constant charging voltage, and reproduc- 
ible ounces showing the above-mentioned stages in the 
charging process will be obtained even if neither charg- 
ing current nor charging voltage is kept constant. It will 
be appreciated that these cun/es can.be usedjn.a.man- 
55 ner similar to what is described above. 

[00671 Corresponding cun/es of a different appear- 
ance will be bbtalned'for ottier battery types. For some 
of ttiem the con-elation between the actual measure- 
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ment point of time and the optimum remaining charging 
time will not necessarily be associated with the slope of 
the curve at the moment in question, but with other pa- 
rameters for the curve, for example, the absolute volt- 
age at the moment concerned. s 
[0068] Measurement of the slope of the voltage curve 
currently, may for example be perlomied every tenth 
second. For each measurement a remaining charging 
period and thereby a new proposal for a stop point of 
time is calculated. The processor can then either store io 
this value together with the others, or it can incorporate 
It In a more sophisticated calculation of when the charg- 
ing pro-cess is to be terminated. 
[0069] A limited number of reference values for the 
slope of the curve may be prestored. In each measure- is 
ment the actual slope of the curve is compared with the 
reference values, and only when the sbpe passes one 
of the reference values the processor will calculate a 
new stop point of time. In this manner, calculating time 
for the prodessor is saved in this manner, and the result ^ 
will be fully satisfactory in many situations. 
[0070] As mentioned, the curves in Figs. 1 and 2 are 
provided with a constant charging cunrent. However, an 
alternative possibility is to cut-off the charging cun-ent 
briefly each time a voltage measurement is performed. 25 
A quite corresponding curve is obtained in this manner, 
but the absolute voltage values will be slightly lower be- 
cause the curve does not include the voltage drop In- 
volved by the charging current across the internal resist- 
ance of the battery. Since this internal resistance typi- 30 
cally increases at the end of the charging sequence, a 
voltage measurement without this contribution will be a 
more accurate measure of the state of the battery. 
[0071 ] As mentioned before, reproducible curves will 
be obtained even if the charging current is not kept con- 35 
stant during the entire charging procedure. The principle 
of the invention can therefore very well be combined 
with a charging procedure where charging is initially per- 
fonned with a constant, high current which is then re- 
duced toward the end of the charging procedure. By us- 40 
ing the lower charging current during the last portion of 
the charging process it will be possible to detemriine the 
optimum stop point of time more precisely, without the 
overall charging time being diminished noticeably. This 
may be combined with the performance of just a simple ^s 
voltage measurement during the first portion of the 
charging process. When the voltage has reached a pre- 
detenmined value, the charging current may be reduced, 
and the measurement of the slope of the curve may be 
initiated as described above. Of course, it is also possi- so 
ble to reduce the charging current at one voltage value 
and initiating the measurement of the slope of the curve 
at another voltage value. 

[0072] Fig. 3 shows typical charging curves obtained 
In accordance with an embodiment of the method ac- ss 
cording to the Invention when charging a NiCd battery. 
The voltage curve shows the battery voltage as a func- 
tion of time, when the voltage supplied to the battery Is 



controlled in accordance with the invention in order to 
obtain an optimum charging current curve and an opti- 
mum battery temperature curve. The battery voltage 
curve may be divided into regions representing various 
stages of the charging process similar to Fig. 1 . Fig. 3 
shows four regions which are marked A. B, C and D, 
respectively. 

[0073] The region marked A constitutes the start of 
the charging process. Here, the voltage supplied is con- 
trolled so that the charging current supplied to the bat- 
tery is relatively low. 

[0074] The B region indicates the actual charging pe- 
riod where the charging current is converted to stored 
energy in the battery. Here, the voltage supplied is con- 
trolled so that the charging current i maintained at sub- 
stantially the same maximum value, which is deter- 
mined In dependency of the type of battery involved, and 
the voltage across the battery increases only stowly. 
[0075] In the C region the battery approaches its state 
of full charge and in order to maintain the maximum 
charging current the voltage across the battery begins 
to increase more rapidly until the voltage across the bat- 
tery terminals reaches the predetermined maximum 
Vmax, which may be different for different types of bat- 
teries and which may, for example, be detemiined as 
previously described. 

[0076] In the D region the voltage supplied is control- 
led so that the measured voltage across the battery ter- 
minals is maintained substantially at the maximum limit, 
Vmax. in the regions C and D the Internal resistance of 
the battery cell is increased, and for a constant battery 
voltage, as in the D region , the resulting charging current 
will decrease. Due to the fact that the battery voltage is 
kept at a constant value in the region D the resulting 
temperature increase is relatively low keeping any de- 
structive effect caused by the charging current to the 
battery cells at a minimum. 

[0077] Not later than the time Tmax when Vmax is 
reached the remaining charging period is determined. 
When such remaining charging period starting at Tmax 
has lapsed the charging process is being tenninated. 
The charging current fed to the battery is controlled by 
pulse width modulating a constant voltage source. 
[0078] The voltage curve shown in Fig, 3 represents 
a process of charging a NICd battery which Is neariy un- 
loaded. Fig. 4 shows six similar voltage curves V1 - V6 
representing different charging courses for the same 
battery with different starting charges. The curve VI rep- 
resents the charging pro-cess of the battery when neariy 
fully charged and the curve V6 represents a charging 
process ofthe battery when almost fully discharged. Fig. 
4 shows the charging period necessary for obtaining the 
maximum voltage Vmax increases when the starting 
state of charge of the battery decreases. It can also be 
seen from Fig. 4 that the "remaining charging time", 
which is the time period from the reach of Vmax till the 
charging process is terminated, increases when the 
starting state of charge of the battery decreases. 
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[0079] information about ideal or desired reference 
voltage curves for the type of battery in question for a 
plurality of different starting charge conditions of the bat- 
tery may be stored in an electronic memory. By compar- 
ing the course of the actual voltage curve, such as the 
slope of the curve with the stored reference values, the 
relevant reference voltage curve and the "remaining 
charging time" associated therewith may be deter- 
mined. 

[0080] The slope of the voltage curve may be meas- 
ured currently for example every tenth second during 
the charging process. For each measurement a com- 
parison is made with the stored reference slopes and a 
new proposal for a "remaining charging time" is deter- 
mined. When the measured battery voltage reaches the 
stored maximum voltage Vmax determination of the "re- 
maining charging time" is cancelled and the last deter- 
mined "remaining charging time" value is used. 
[0081] Anbther embodiment which also results in 
charging curves of the type shown in Figs. 3 and 4 com- 
prises prestoring a limited number of reference values 
for the slope of the voltage curve. In each measurement 
the actual slope of the cun/e is compared with the ref- 
erence values, and only when the slope passes one of 
the reference values a new "remaining charging time" 
value is determined. 

[0082] Curves corresponding to those shown in Figs. 
3 and 4 will also be obtained for other battery types. 
These curves might be of different appearance and for 
someofthemthecon-elation between the time for reach- 
ing the voltage Vmax and the optimum remaining charg- 
ing time will not necessarily be associated with the slope 
of the voltage curve in question, but with other parame- 
ters of the curve, such as the absolute voltage at the 
moment concerned. The more parameters measured 
and stored, the more sophisticated detemninations can 
be made in order to determine the optimum remaining 
charging time. 

[0083] A further embodiment of the method resulting 
in charging curves of the type shown in Figs. 3 and 4 
comprises measuring the battery voltage at a fixed time 
together with measuring the slope of the voltage curve 
when the maximum voltage Vmax is reached. In this em- 
bodiment the voltage together with the slope of the volt- 
age curve can be incorporated In a more sophisticated 
detenninatlon of the optimum remaining charging time, 
[0084] The voltage curves shown in Figs. 3 and 4 
have been plotted by measuring the voltage across the 
battery terminals when the battery is being charged. 
However, an alternative possibility is to cut-off the charg- 
ing current briefly each time a voltage measurement is 
perfomied. Aquite similar curve is obtainedjn this man- 
ner, but the absolute voltage values will be slightly lower 
because the curve does not include tRe vottage^drop'in- 
volved by the charging current across the intemalresist- 
ance of the battery. Since this internal resistance typi- 
cally increases at the end of the charging sequence a 
voltage measurement without this contribution will be a 
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more accurate measure of the state of the battery. 
[0085] In the embodiments described above the 
measurement of the slope of the curve takes place in 
the following manner. At each measurement point of 
time, i.e. for example every tenth second, the voltage of 
the battery is measured, and then an electronic proces- 
sor may store this voltage value in a storage circuit. The 
processor then calculates the difference between this 
value just measured and, for example, the value which 
has been measured 90 seconds ago and this difference 
is used as a measure of the slope of the curve at the 
time in question. In this manner a new value of the slope 
which has been measured over a period of for example 
90 seconds is obtained every ten seconds. 
[0086] To preventthe voltage measurements from be- 
ing affected by transients and the like the voltage is pref- 
erably measured much more frequently, for example 
100 times, between each of the said measurement 
points of lime. Each of these intenmediate measure- 
ments is stored by the processor, and at the actual 
measurement points of time the processor calculates an 
average of the 100 intemiedlate measurements which 
have been perfonmed since the last measurement point 
of time. 

[0087] When the charging process has been terminat- 
ed as described above, maintenance charging of the 
battery may take place if the battery is left in the charger. 
This takes place by passing current pulses through the 
battery at intervals. These current pulses and the time 
between them are adapted such that they compensate 
for the self discharge of the battery which would other- 
wise take place. The pulses may. for example, have a 
duration of 15-30 seconds and the time intervals be- 
tween the subsequent pulses may be a few hours. 
[0088] Fig. 5 shows a block diagram of an embodi- 
ment of an apparatus for battery charging. 220 volts are 
applied to the apparatus by means of an ordinary plug 
t, and the voltage is converted in the rectifier block 2.to 
a 9 volts direct voltage. 3 shows a cun^ent regulator 
which supplies current to the battery to be charged via 
the terminals 4, 5. The cunrent from the battery flows via 
the terminal 5 and the resistor 6 via ground back to the 
rectifier circuit 2. The cun-ent regulator 3 is controlled 
via a control stage 8 from a processor 7. The processor 
7 Is capable of measuring cun-ent and voltage by means 
of.an analog/digital converter 9. The charging cunrent is 
measured by measuring the voltage drop across the re- 
sistor 6 while the voltage of the battery is obtained as 
the difference between the voltages measured on ter- 
minals 4 and 5. respectively. The processor 7 is more- 
over connected to a storage circuit 1 0, which is used i. 
a. for storing measured current and voltage values as 
well as the calculated stop points of time. A regulator 
circuit 11 generatesia^direct voltage of 5 volts from the 
voltage of 9 volts from the rectifier circuit 2. The voltage 
of 5 volts is used for supplying the circuits 7, 9 and 10. 
The current regulator 3 Is controlled by means of pulse 
width modulation and the processor 7 controls the pulse 
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width in a mannersuch that the desired charging current 
constantly flows through the battery. The processor 
measures the charging current, as nnentloned. by meas- 
uring the voltage drop across the resistor 6. If desired, 
the processor may perform the voltage measurement 5 
across the battery in the intervals between the cun-ent 
pulses. The voltage measurement will then not be af- 
fected by the voltage drop caused by the charging cur- 
rent across the internal resistance of the battery. 
[0089] Fig. 6 shows a circuit diagram of an embodi- '^o 
ment of the apparatus shown In Fig. 5. The blocks of 
Fig. 5 are shown In broken lines and are provided with 
the same reference numerals as in Fig. 5. The rectifier 
block 2 comprises a transformer T1 as well as a rectifier 
coupling consisting of the four diodes D1 , D2, D3, and '5 
D4. The output voltage from this block Is a direct voltage 
of 9 volts, whk:h Is passed partly to the current regulator 
3 and partly; to the regulator circuit 11 . The current reg- 
ulator 3 corrtprises a transistor Q4 and is controlled via 
the control'stage 8 of the processor ICI. The control 20 
stage 8 comprises the resistors R5, R6, R7 and R8 as 
well as a transistor Q3. When the output terminal PI .1 
of the processor has a high output signal the transistor 
Q3 will be in conductive state via the voltage divider 
comprising resistors R7 and R8. Current will hereby flow 
through the voltage dividers R5 and R6 causing Q4 to 
assume a conductive state whereby current is supplied 
to the battery. When the output terminal P1 .1 of the proc- 
essor is low the transistor Q3 as well as the transistor 
Q4 will be in a non-conductive state and no charging 30 
current is fed to the battery. 

[0090] The analog/digital converter 9 comprises the 
integrated circuit IC2 as well as the resistors R2 and R3 
and the smoothing capacitors C4, C7. The measured 
voltages whteh are indicative of the battery voltage and ^ 
the charging current, respectively, are converted to dig- 
ital information in the integrated circuit IC2, and this dig- 
ital information is passed further on to the tennlnals PI .2 
and PI .3 of the processor. 

[0091] In this embodiment the processor circuit ICI ^ 
comprises the processor 7 as well as the storage circuit 
1 0. Further, the capacitors Ct, G2 and C3 as well as a 
crystal XI are connected to the processor. Otherwise, 
the mode of operation of this processor circuit is gener- 
ally conventional. 45 
[0092] The regulator circuit 1 1 comprises the integrat- 
ed voltage regulator IC3 as well as the capacitors C5 
and 06. This circuit supplies a direct voltage of 5 volts 
to the circuits ICI and IC2. 

[0093] The circuit described may be used no matter so 
whether it is decided to control the voltage so as to main- 
tain the charging current at a substantially constant val- 
ue, or to control the current during charging of the bat- 
tery so as to maintain a substantially constant voltage, 
or combinations of such methods. 55 
[0094] When charging a rechargeable battery in ac- 
"cordance with the present invention as described herein 
the charging process may be controlled so that the vott- 
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age measured across the battery terminals during "the 
remaining charging period** is kept at a constant value 
when a predetermined maximum voltage value Vmax 
has been reached. Vmax for a certain type battery may 
be determined as described above. 
[0095] However, some batteries will never reach the 
predetermined value Vmax detemnined for this type of 
battery in question. This fact may be due to various de- 
fects or anomalies of the batteries. Fig. 7 shows charg- 
ing curves for such anomalous battery. During the first 
period of the charging process the charging curves fol- 
low the normal courses as shown in Fig. 3. However, 
the voltage curve flattens out at a voltage V which is 
lower than Vmax, Therefore the stop point of time for 
the charging process cannot be detenrnrned based on 
the time when the charging voltage reaches Vmax. In 
such case the maximum charging voltage may be de- 
termined in a different manner. As an example the bat- 
tery voltage may be measured at predetenmined time 
Intervals, and the measured values may be compared. 
If the measured battery voltage has not increased during 
the last successive measurements and Vmax has not 
yet been reached, the last measured voltage may be 
defined as the maximum voltage, V, for this battery and 
a remaining charging period may be determined starting 
from the point of time at whk:h V was first measured. 
[0096] Fig. 8 shows typical first charging curves when 
test charging a virgin battery, and Fig. 9 shows corre- 
sponding charging curves when test charging a fully 
charged battery. When a battery has to be charged for 
the first time or for the first time after the battery has 
been stored for a long time without charging, the chem- 
ical reactions which must take place within the battery 
during the charging process are rather stow to start with . 
For such batteries, the controlled high cun-ent charging 
process described above cannot be used. For such "vir- 
gin batteries" the charging process has to take place 
with a relatively low, almost constant current supplied to 
the battery for a relatively long period of time in order to 
secure that the battery is fully charged. Therefore, be- 
fore the initiation of the actual charging process, the bat- 
tery may be exposed to a test charging programme in 
which the battery is charged for a short period of time in 
accordance with a normal charging process as de- 
scribed above. However, the starting charging current 
must be relatively low, for example in the range of 1 C/ 
h, and then increased to a higher value which can be in 
the range of 4C/h, C/h being the so-called C-rate. After 
a short predetermined period of time, for example a few 
seconds, or when the voltage across the battery termi- 
nals reaches Vmax, the charging process is stopped. 
The battery is discharged with a relatively high discharg- 
ing current. Fig. lOdiagrammatically shows discharging 
curves for the virgin batter/charged as illustrated in Fig. 
8. Fig. 11 diagrammatically shows discharging curves 
for the fully loaded battery charged as illustrated in Fig. 
9. 

[0097] Rg. 8 illustrates th^t a virgin battery will reach 
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the battery voltage Vmax within a very short period of 
time, for example less than 10 seconds. However, the 
charging current accepted by the battery is very low. 
Consequently, as shown in Fig. 10, the virgin battery 
charged in accordance with Fig. 8 may be fully dis- 
charged within a very short period of time, which In the 
example is less than 1 second. When a test charging to 
which a battery is subjected results in curves similar to 
those of Figs. 8 and 1 0, the control system of the charg- 
ing apparatus may be instructed to treat the battery as 
a virgin battery, and during the following charging proc- 
ess a relatively low, almost constant charging current, 
for example in the order of 0.2 C/h, will be supplied to 
the battery until the battery is charged to its full capacity. 
[0098] When testing a fully loaded battery the voltage 
across the battery terminals reaches Vmax within the 
same period of time as a virgin battery as shown In Fig. 
9 However, contrary to the charging current supplied to 
the virgin battery, the charging current supplied to the 
fully loaded battery increases very rapidly. When dis- 
charging the fully loaded battery during the testing, a 
high, nearly constant current flows from the battery with- 
in the testing period, and at the same time the battery 
voltage will be rather constant as is shown In Fig. 11. 
When the test charging of a battery results in curves sinv 
ilar to those of Figs, 9 and 11 the charging system may 
be instructed to treat the battery as a fully charged bat- 
tery which means that the charging process is stopped. 
[0099] As an alternative, the rates of change of the 
voltage curves may be measured during the charging 
and the discharging tests. By comparing the measured 
rates of change of the voltage curves with reference val- 
ues the start conditions of the battery can be calculated, 
and a charging process can be selected for the battery 
being tested. If necessary, the test programme may in- 
volve several subsequent charging and discharging pe- 
riods in order to obtain the desired infomnation. 
[0100] - When selecting an ideal charging process for 
a battery it is necessary to have a set of reference pa- 
rameters for the type of battery to be charged. Thus it is 
desirable to have a method of determining or selecting 
a set of reference parameters for a new type of battery. 
[01 01 1 These parameters may comprise of the battery 
voltage, the charging and discharging cUn-ents, the in- 
ner and outer temperatures of the battery, and/or the 
chemical reactions within the battery cells. 
[0102] One of the most important parameters is the 
battery temperature when the battery has just been fully 
charged, Temp. (100%). When charging further from 
this point the battery temperature will increase and the 
battery may be damaged. 

[01 03] In order to measure Temp. (1 00%) for a battery 
of an unknown type without having to much influence 
from the heat dissipatedln .the series resistance within 
the battery, the battery may be charged with a relatively 
low, almost constant charging current for a relatively 
long period of time (several hours) in order to secure 
that the battery is fully charged. When the battery has 



been charged it may be discharged over a relatively long 
period of time in order to test whether it was actually fully 
charged. If not, a new charging process is started with 
a higher charging current. If yes, a new charging proc- 

5 ess is started with the same charging current, but this 
time the charging period of time will be shorter. When 
this charging process is terminated, the battery is again 
discharged in order to detemnine whether the battery 
has been fully charged. If yes, a new charging process 

10 with the same charging current but with an even shorter 
charging period of time is initiated. If not, a new charging 
process with the same charging cun-ent but with a longer 
period of charging time is Initiated. These charging and 
discharging processes will continue with the same 

15 charging current and with new periods of charging time 
until the minimum charging time, t(100%). where the 
battery is just fully charged, has been found. When 
measuring the temperature of the battery at t(100%), 
Temp. (100%) can be found for this type of battery and 

20 for the given charging current. By measuring the voltage 
across the battery at t(1 00%), the value of V(1 00%) can 
be found. Fig. 12 shows the course of the voltage and 
temperature values for a typical charging process in 
which a relatively low charging current Is used. In Fig. 

25 12 the charging current is 2C/h, and the points Temp. 
(1 00%) and V(1 00%) are indicated on the charging volt- 
age and temperature curves shown. 
[01 04] It is to be understood that other methods of de- 
tennining the value of Temp. (100%) may be used in- 

30 eluding the measurement of the rate of change of the 
temperature curve during charging. 
[0105] Another important parameter is the predeter- 
mined maximum voltage Vmax which will vary with the 
type of battery involved. When using a high speed 

35 charging process as illustrated In Fig. 3 the charging 
process is controlled so that the voltage is maintained 
at a substantially constant value during the rest of the 
charging process when Vmax has been reached, the 
charging process being terminated when a predeter- 

40 mined period of time has lapsed, starting when Vmax is 
reached. 

[0106] In order to detemriine Vmax for a new type of 
battery the battery may be charged with an almost con- 
stant charging current which Is slightly higher than the 

45 charging current used in the above example to deter- 
mine the temperature Temp. (1 00%). The rate of change 
of the voltage curve Is measured and compared with the 
temperature of the battery. If the voltage rate of change 
is positive at Temp. (100%) a new charging process is 

50 initiated with a new, slightly higher charging current than 
the previous current. This process is repeated until the 
measured voltage rate of change at Temp. (1 00%) be- 
comes zero orslightly negative. This procedure is illus- 
trated )ln Fig. 13 for a charging current of .0,5C/h and in 

55 Fig. 14 for a charging current of IC/h, when using the 
same battery as in Fig. 12. The measured value of V 
(1 00%) for a charging process where the voltage rate of 
change has just become zero or slightly negative will be 
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a good measure for the vatue of Vmax for this type of 
batteries, and the selected value of Vmax should be se- 
lected rather close to this measured value of V(100%). 
Other methods could be used in detemnlning the value 
Vmax. 

[0107] Fig. 15 illustrates a controlled charging proc- 
ess according to the present invention forthe same bat- 
tery as in Figs. 12-14 when using a maximum charging 
current of 4C/h and a maximum charging voltage Vmax, 
which has been determined from the measured value of 
V(100%) in Fig. 13. 

[0108] By performing the above described measure- 
ments of t(1 00%), Temp. (1 00%), and V(1 00%), a set of 
reference parameters representing reference values of 
voltage, temperature, current, and charging time may 
be collected. All of these reference values may be used 
In detemrilning characteristic charging parameters to be 
used in a controlled charging process, including alter- 
native way^ of calculating Vmax. 
[01 09] The reference parameters to be used in a con- 
trolled charging process may be detemiined for each 
battery or for each type of batteries by using a first an- 
alysing charging process followed by a second analys- 
ing charging process. As the battery may comprise sev- 
eral battery cells, the analysing charging processes may 
also be used In orderto determine reference parameters 
for each cell of the battery. 

[0110] The first analysing charging process is— illus- 
trated in Fig. 1 6. During this analysing charging process 
a maximum battery charging temperature difference AT 
is determined by supplying a relatively low, almost con- 
stant charging current for a relatively long period of time 
and surveying the battery temperature and/or the bat- 
tery temriinal voltage. The first analysing charging cur- 
rent should be so low that no substantially increase in 
the battery voltage is detected for the first six hours of 
the charging process. However, the charging cuaent 
should be high enough to ensure a rise in battery voltage 
after about 1 0 hours of charging, and the charging cur- 
rent should preferably be around 0.1 C/h, although the 
exact value of the capacity of the battery may not be 
known at the time when the first analysing charging 
process occurs. If the value of the first analysing charge 
current has been chosen so that the above mentioned 
requirements of the bauery voltage Is not fulfilled, a new 
value of the first analysing charge current should be se- 
lected, and the analysing charging process may start all 
over again. It Is preferred that the battery is fully dis- 
charged before being subject to any analysing charging 
process. 

[01 1 1 ] If a correct value of the first analysing chargi ng 
current has been selected, the battery will be fully 
charged after several hours of charging and no further 
increase in the battery temperature will^e detected. 
Hence the maximum charging temperature difference 
AT can be determined for the battery by comparing the 
lowest and the highest Values of the measured battery 
temperature. It is also to be noted that no further in- 



crease is detected for the battery voltage when the bat- 
tery has obtained the fully charged condition. If a tem- 
perature sensor is available for each cell of the battery, 
the maximum charging temperature difference may be 

5 detemiined accordingly for each cell of the battery. 
[01 12] A method has been devises of determining the 
real value of the capacity of the battery to be charged. 
This is also done during the first analysing charging 
process by determining a first charging stop point of time 

10 t(capacity)) at the time when no further increase in the 
battery temperature and/or battery voltage has been de- 
tected for a predetermined period of time Involving at 
least two measurements of the battery temperature and/ 
or voltage. Alternatively, t(capacity) may be determined 

'5 as the point in time where the change in battery temper- 
ature and/or battery voltage has decreased below a pre- 
determined level for a predetermined period of time. By 
calculating the power supplied to the battery during the 
first analysing charging process until the time t(capaci- 

20 ty) , which is equal to the time when the battery has been 
fully charged, the real value of the capacity of the battery 
may be determined. 

[0113] The second charging process is illustrated in 
Fig. 1 7. During this analysing charging process a max- 

2s imum battery tenminal voltage Is determined by supply- 
ing a second, almost constant, analysing charging cur- 
rent to the battery with the second analysing current be- 
ing equal to the C-rate based on the real capacity value 
of the battery determined during the first analysing 

30 charging process. During the second analysing charg- 
ing process, the terminal voltage and the battery tem- 
perature are being surveyed and the maximum terminal 
voltage is determined as the voltage measured across 
the battery terminals at the point in time when the battery 

35 temperature has increased by the maximum battery 
charging temperature difference AT which has been de- 
termined during the first analysing charging process. If 
the terminal voltage is surveyed for each cell of the bat- 
tery then the maximum terminal voltage may be deter- 

^ mined In the same way for each cell of the battery, either 
at the maximum battery charging temperature differ- 
ence or, if the temperature is surveyed individually for 
each cell, at the maximum charging temperature differ- 
ence of the cell. 

43 [01 14] Rgs. 18.19 and 20 shows the charging curves 
for a NiCd battery when the charging process is control- 
led in accordance with the results obtained during the 
first and second analysing charging processes. Thus, 
the real battery capacity value determined during the 

so first analysing charging process may be used when de- 
termining the charging current supplied to the battery 
during the first part of the charging process. In Figs. 18, 
19 and 20 this charging current is equal to 2, 3 and 4 
times the C-rate, respectively. During the charging prbc- 

55 ess, the battery tenminal voltage is surveyed and when 
the maximum battery temrjinal voltage Vmax determined 
during the second analysing charging process is 
reached, the charging process is controlled so that the 
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voltage is held constant during the remaining charging 
process. At the time Tmax when Vmax is reached a re- 
maining charging period may be detemnined in accord- 
ance with the previous discussion and the charging 
process may be terminated when this remaining charg- 
ing period has lapsed. 

[0115] However, the remaining charging period may 
also be detennined in dependency of the value of Tmax, 
and in a preferred embodiment the remaining charging 
period Is determined by comparing the value of Tmax 
with stored reference values having corresponding re- 
maining charging periods of time and thus selecting the 
remaining charging period corresponding to the value 
of Tmax. 

[01 1 6] When charging a battery, the battery tempera- 
ture and/or the charging current may be surveyed, and 
the charging process may be temiinated when the 
"measured rise in temperature equals the maximum bat- 
tery temperature difference determined during the first 
'analysing charging process. Alternatively, the charging 
.process may be temiinated when no further decrease 
in the charging current has been detected for a prede- 
*termined period of time during the remaining charging 
period. This is illustrated in Fig .21 which shows the 
-charging curves for a Nickel Metal Hydride battery which 
is initially charged with a very high charging current. In 
this case, Vmax is reached very eariy and the charging 
•process is controlled so that the battery terminal voltage 
is held constant at Vmax. resulting in a decrease in the 
^charging current, and the charging process is teniiinat- 
^ed when no further decrease has been detected in the 
charging current. 

' [01 171 As mentioned above the battery may comprise 
several battery cells. These cells are connected in se- 
ries and the resulting battery voltage depends on the 
number of cells within the battery. However, the charac- 
.terlstics of the battery cells may vary from cell to cell 
within the battery, and in order to obtain almost full con- 
. trol of the discharging and charging processes of the 
;..battery, it may be convenient to be able to measure the 
-rvoltage and/or temperature of each individual cell during 
^discharge and/or charge of the battery. Thus, it is an as- 
pect of this Invention to provide a battery having at least 
two battery cells and having means for measuring the 
voltage of each cell. The battery may further comprise 
infonnatlon means for storing the measured cell voltag- 
es, and in a preferred embodiment of the battery, each 
cell is also provided with a temperature sensor with the 
measured temperature being stored in the infomriation 
means. Fig. 22 shows a block diagram of a battery 20. 
The battery 20 in Fig. 22 comprises 6 battery cells 21 -26 
with a temperature sensor 27-32 provided for each ceil 
and infomnation means 33 such as an EEPROM and/or 
a microproce'&or for reading the voltageiacross'^each 
cell and/or the temperature of each cell. 
[01 18] As the characteristic may vary for each cell of 
the battery it is very important to control the discharging 
process with respect to the cell showing the largest drop 



in cell voltage when the battery is being discharged. This 
is illustrated in Figs, 23 and 24 which shows the dis- 
charging curves for each cell in a NiCd battery having 6 
cells and being discharged with a constant cunrent. In 

5 Fig. 23 the overall voltage of the battery is used in order 
to stop discharging of the battery allowing at least one 
of the cells to obtain a relatively large voltage drop and 
thus being discharged to a very high degree. As a result, 
this cell may not be fully charged when the battery is 

10 subsequently being re-charged and the capacity of the 
-battery may decrease. This may be-avoided by the dis- 
-charging process shown in Fig. 24, where the discharg- 
ing process is controlled so that the discharge of the bat- 
tery Is temninated when the first of the cell voltage cu wes 

15 drops to a predetermined level. This level might be in 
vthe range of 0.8-1 Volt. 

[0119] Similarly, the maximum cell voltage will not be 
reached at the same time during a charging process. 
This is illustrated in Fig. 25 which shows the cell voltage 

20 curves for each cell during charging of a NiCd battery. 
Here it may be observed that one of the cells reaches 
the maximum cell voltage before the other cells and the 
remaining charging period of the charging process 
should be determined at the point in time when one of 

25 the cell voltages first reaches the maximum cell voltage. 
[0120] In Figs. 26, 27 and 28 the block diagrams of 
.different embodiments of a battery system according to 
the present invention are shown. Fig. 26 shows a sys- 
tem wherein the battery 40 comprises information 

30 means 41 such as an EEPROM and the charging appa- 
ratus 42 comprises the controlling device 43 such as a 
microprocessor. However, the infomnation nrkeans 41 of 
the battery 40 may also comprise a controlling device 
such as a microprocessor as shown in Fig. 27, Fig. 28 

35 shows an embodiment wherein a charging controlling 
device is included within the information means 41 of 
the battery 40 and in this case, the battery 40 only needs 
to be connected to a power supply 44 which is controlled 
by the information means 41 of the battery. 

40 [0121] It should be understood that the above de- 
scribed first and/or second analysing charging process- 
es may be used in connection with a battery wherein 
measured data and parameters may be detennined 
and/or stored within the information means of the bat- 

45 tery. Alternatively, data may be collected by a computer 
system which will supply the characteristic parameters 
to the charging apparatus having a memory for storing 
these parameters. 

[01 22] It should also be understood that the above de- 
50 scribed methods of the present invention are not valid 
only for a single type of batteries such as Nickel Cadmi- 
um batteries but should also be applicable for other 
types of re-chargeable batteries such as for example 
Lithium batteries and Mickel Metal Hydride batteries. 

55 
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Claims 

1 . A battery charging system, comprising: 

a rechargeable battery (40) including at least 
one rechargeable battery cell, a pair of battery 
terminals and infomnation means (41 ) for con- 
taining infonnation about the battery In the form 
of an information code, 

a charging apparatus (42) for charging the re- 
chargeable battery (40), the charging appara- 
tus (42) Including a pair of charger temiinals, 
means for releasably interconnecting the bat- 
tery and the charging apparatus so that the bat- 
tery terminals are in electrical conductive con- 
tact with the charger temnlnals, and Infomnation 
receiving means for electronically reading or 
sensing the information code of the infonnation 
me'ans of the battery, 

said charging apparatus (42) further compris- 
ing control means (43) for controlling the charg- 
ing process based on the information code read 
or sensed by the information receiving means 
of the charger, 

characterized in that 

said battery information code comprises infor- 
mation about at least one of the type, the capacity, 
the maximum temperature, or any other battery 
specification and/or about at least one of the charg- 
ing status, the condition, the last charging process, 
th^ last discharging process, time period lapsed 
since the last charging process, the time period 
lapsed since the last discharging process, charging 
parameter algorithms, the internal pressure of the 
battery or any other characteristic. 

2. A battery charging system according to claim 1 , 
wherein the battery information code further com- 
prises information about the maximum charging 
voltage and/or the maximum charging current of the 
battery. 

3. A battery charging system according to any of the 
preceding claims, wherein the information means 
(41 ) comprises an electronic memory for storing the 
battery information. 

4. A battery charging system according to any of the 
preceding claims, wherein the information means 
(41) comprises an EEPROM. 

5. A battery charging system according to any of the 
preceding claims, wherein the controlling means 
(43) of the charging apparatus (42) comprises a mi- 
cro processor. 



6. A battery charging system according to any of the 
preceding claims, wherein the rechargeable battery 
(40) is a Nickel Cadmium battery, a Nickel Metal Hy- 
dride battery or a Lithium battery. 

5 

7. A rechargeable battery comprising at least one re- 
chargeable battery cell, a pair of battery temiinals 
and information means (41) comprising battery in- 
formation in the fomi of an information code, 

^0 said Information code having a fomn which 

may be electronically read or sensed by information 
receiving means of a con^espondlng battery charg- 
ing apparatus (42), 

characterized in that 

'5 said battery i nf ormation code comprises infor- 

mation about at least one of the type, the capacity, 
the maximum temperature, or any other banery 
specification and/or about at least one of the charg- 
ing status, the condition, the last charging process, 

so the last discharging process, time period lapsed 
since the last charging process, the time period 
lapsed since the last discharging process, charging 
parameter algorithms, the internal pressure of the 
battery or any other characteristic. 

25 

8. A rechargeable battery according to claim 7. where- 
in the battery information code further comprises in- 
formation about the maximum charging voltage 
and/or the maximum charging current of the battery. 

30 

9. A rechargeable battery according to any of claims 

7 and 8, wherein the information means comprises 
an electronic memory for storing the battery Infor- 
mation. 

35 

10. A rechargeable battery according to any of claims 

8 to 9, wherein the infonnation means comprises an 
EEPROM. 

40 11. A rechargeable battery according to any of claims 
8 to 10, wherein the rechargeable battery (40) is a 
Nickel Cadmium battery, a Nickel Metal Hydride 
battery or a Lithium battery. 



50 



15 



BNSDOCID: <EP 1204187A2J_> 



EP 1 204 187 A2 




16 



BNSOOCID: <EP. 



.1204187A2_L> 



• I. 

EP 1 204 187 A2 




BNSOOCID: <EP 1204ie7A2_L> 



17 



EP 1 204 187 A2 



CO 

Ll. 



Voltage (V) ^ 
Current (A) 3 
Temp. (C) 





^— » 
C 


E 


<D 
1 \— 


Te 


1 k— 
/ ^ 

/ o 




o 

CO 



o 



.o 

a 

o 



o 



O 
CD 



O 
lO 



o 



o 

CO 



o 

CM 



18 



^BNSOOCID: <EP. 



.1204187A2J_> 



EP1 204 187 A2 




8NSDOCID: <EP. 



.12041 87 A2J_> 



EP 1 204 187 A2 



CQ 



o 









CD 










ujo: 


















20 



BNSDOCID: <EP. 



.1204187A2J.> 



EP 1 204 187 A2 



06060666 ivcvivriorraNiw aufHcr 



5 15 



uj o 

ui z 20- 



H 

CI 

J PI 




21 

BNSDOCID: <EP 1204ie7A2J_> 



EP 1 204 187 A2 



Voltage (V) 5 
Current (A) § 




o 

CO 



o 

CM 



Temp. (C) ^ 



o 

CD 



o 
to 



o 

CO 



o 

C4 



22 



iBNSDOCID. <EP 1204187A2J_> 



EP 1 204 187 A2 

« * 




Current (A) ^* CO oi 



> 



c 

0) 

o 



.O 
CO 



00 

Ll 



E 



Voltage (V) 5 




Current (A) 



o 

CO 



o 



o 
o 



23 



BNSOOCID: <EP 1204187A2J_> 



EP 1 204 187 A2 



c 
o 

\ 

Z3 

O 



D) 
CO 

o 

> 



.O 
CO 



Ll. 



0) 

E 



Voltage(V) 5 
Current (A) 3 



CD 



O 



o 



I 

o 



CO 

o 

o 
o 



Li- 




Voltage (V) 2 



CD 



00 



Current (A) 



p 

CO 



p 



o 
o 



fBNSDOCID: <EP 12041 87 A2J_> 



24 



EP 1 204 187 A2 



iZ 




Voltage (V) 2 



CO 



CM 



CO 



Current (A) 



o 

■ 

CO 



cvi 



o 



Temp. (C) 



o 
to 



to 



o o 

^ CO 



o 

CM 



25 



BNSDOCID: <:EP 1204187A2J_> 



EP 1 204 187 A2 




26 



• BNSIX)CID; <EP 1204187A2_L> 



EP 1 204 187 A2 




BNSDOCID: «EP 1204ie7Aa_l_> 



EP 1 204 187 A2 




28 



^BNSOOCiD: <EP___1204187A2J_> 



EP1 204 



187 A2 




BNSOOCIO: <EP 1204187A2J_> 



EP 1 204 187 A2 




30 



BNSDCXJID: <EP 1204187A2J_> 



EP 1 204 187 A2 




BNSDOCIO: <EP 1204187A2J_> 



EP 1 204 187 A2 




32 



BISJSDCXJID: <EP. 



.ia04187A2_l_> 



EP 1 204 187 A2 




BNSOOCID: <EP 12041B7A2_I_> 



EP 1 204 187 A2 




34 



-BNSDOCID: <EP 1204187A2_I_> 



9 



EP 1 204 187 A2 



+ 






1 

















-r 



O 



— ^ t 


1 





m 

04 



eg 



03 



o o 

_lQ.O 



CSJ 

CM 



35 

BNSDOCID: <EP 1 204187 A2J_> 



EP 1 204 187 A2 

4ir 




^tTBNSDOClD: <EP, 



.1204187A2J_> 



EP1 204 187 A2 




BNSOOCID: <EP. 



.1204ie7A2J_> 



EP 1 204 187 A2 




BNSDCX3ID: <EP 1204187A2J_> 



EP 1 204 187 A2 




39 



BNSODCID: <EP 12041 87 A2J_> 



THIS PAGE BLANK omo) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



Lf FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



U LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBITCS) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





THIS PAGE BUNK (uspro) 



